Nowadays, Chlorella vulgaris has emerged as an attractive source of metabolites such as lipids, proteins and carbohydrates, which are widely applied to obtain high value products. This work is focused on evaluating the effect of flocculation on metabolites recovery from Chlorella vulgaris microalgae biomass. Carbohydrates were extracted through acid and alkaline hydrolysis in order to identify the efficiency of these treatments for cell wall disruption. Protein quantification was carried out under alkaline conditions and lipids were recovered by solvent extraction with hexane. It was found that carbohydrate recovery was higher using centrifuged biomass (40.55%) than flocculated biomass (24.31%) by acid treatment, while alkaline treatment exhibited yield of 20.37% and 13.19%, respectively. In addition, efficiency of 53.75% and 32.27% in protein recovery was obtained from both centrifuged and flocculated biomass. The highest lipid extraction yield (54.2%) was achieved using acid hydrolysis and hexane solvent route when centrifuged biomass was used as metabolite source. These results suggested that flocculation affect significantly the efficiency of metabolites extraction. 
Introduction
Microalgae is recognized as novel green sources of multiple components such as proteins, carbohydrates, lipids and pigments [1] . These microorganisms exhibit the ability to grow under unsuitable conditions for other crops, needing merely some nutrients and sunlight [2] . In addition they have the advantages of photosynthetic efficiency, biomass productivity and oil content [3] . They have been extensively studied for producing biomass as a source of valuable chemicals for food, pharmaceutical, cosmetic and energy industries [4] . Lipid, protein and carbohydrate content in microalgae can vary widely according to culture conditions and organism's particular metabolic mechanism [5] . The efficient utilization of these metabolites is entirely dependent upon high lipid productivity and high carbohydrate and protein content in the microalgal biomass [6] . Among a wide variety of microalgae, C. vulgaris has been selected as biomass source due to its resistance against invaders, high lipid content that can reach up to 58% under stress conditions and contains highly valuable compounds, such as astaxanthin, β-carotene and some nutritional polyunsaturated fatty acids (PUFA) [7] .
To extract lipid from this biomass, pretreatment and subsequent lipid collection by solvent are performed [5] . Several cell-wall disruption methods are widely used on microalgae such as: physical, chemical and enzymatic hydrolysis to recover carbohydrate and proteins [3] . The aim of this work is to evaluate the effect of flocculation on metabolites extraction by acid hydrolysis, alkaline hydrolysis and solvent extraction with hexane in order to compare recovery yield when centrifuged and flocculated biomasses are used.
Materials and Methods
Chlorella vulgaris samples were grown in in Bold Basal medium, microalgae was kept growing during 15 days in 2.5 L rectangular glass reactor. The reactor was coupled to a bubble aeration system for air injection and light-dark cycle 12:12 h. pH-measurement was performed daily in order to control this parameter in 7-8 value. Microalgal biomass was concentrated by adding 1.23 mL of aluminum chloride solution (40 g/L) to 100 mL of culture medium. To carry out flocculation, pH was adjusted to 7. The remaining biomass was centrifuged at 3400 rpm during 15 minutes. Finally, both flocculated and concentrated by centrifugation biomass were subjected to drying process at 105 °C during 17 hours.
Acid hydrolysis pretreatment was used for cellular wall disruption according to the procedure described by González-Delgado et al. [5] . Biomass (5 g) was added to 50 mL HCl (0.5 M). The mixture was continuously stirred at 500 rpm during 2 hours and neutralized by KOH (1 M). Then, separation and filtration of liquor and hydrolyzed biomass was carried out. For Alkaline hydrolysis Biomass (5 g) was mixed with 30 mL of NaOH (3.76 M) and heated during 20 minutes at 55ºC [8] . Finally, liquor and hydrolyzed biomass was separated by filtration.
For quantification of carbohydrates, liquor obtained in acid hydrolysis was subjected to phenol-sulfuric acid colorimetric method [9] for determining carbohydrates content. Hydrolyzed biomass (1 mL) was mixed with 0.5 ml of 5% phenol and 2.5 ml of 95% sulfuric acid. Absorbance measurement was carried out at 485 nm (wavelength) after revealing mixture coloration. Methodology described by Lowry et al. [10] was used to determine protein content in the extract. The sample (1 mL) was mixed with Lowry solution (1.4 mL) and homogenized during 5 minutes. Then, 0.2 mL of Folin-water solution was added.
After revealing coloration, absorbance measurements were performed at 750 nm using Spectroquant Pharo 300 spectrophotometer (Merck). Protein content was determined by calibration curve, previously standardized from the analytical grade albumin reagent. After monosaccharides production was subjected to lipid extraction by Soxhlet using 20 mL of hexane as solvent. The lipid extract was separated from the solvent in a roto-evaporator, followed by weighing to determine the recovery of lipids according to Equation 1. Experiments for metabolites extraction using centrifuged and flocculated biomass were carried out in triplicate. Statistical analysis of the results were performed by T test (n=3), in which average of data is considered significantly different when P value is less or equal to 0.05. The results of carbohydrates extraction from Chlorella vulgaris through acid hydrolysis are presented in Figure 1 . As is shown, 40.55% of the carbohydrate content in centrifuged biomass and 25.31% in flocculated biomass was recovered under acid extraction conditions. The analysis of experimental data by T test indicated that the difference between data averages is significant, because P value is less than 0.05. These results show that flocculation affects the performance of acid hydrolysis in the extraction of carbohydrates from microalgae biomass. Figure 2 . Carbohydrates recovery by alkaline hydrolysis using centrifuged and flocculated biomass Figure 2 shows carbohydrate recovery from Chorella vulgaris using alkaline hydrolysis. The results indicated a carbohydrate extraction yield of 20.37% and 13.19% for centrifuged and flocculated biomass, respectively. It is observed that P value is less than 0.05 indicating the negative effect of flocculation on hydrolysis reaction with NaOH. Alkaline treatment exhibit lower carbohydrate recovery in comparison with acid hydrolysis. Robert et al. [11] claimed that the yield of extraction can decrease up to 23.17%, for T. pseudonana flocculated, using an alkaline treatment (1 M NaOH, at 100 °C during 10 minutes). Figure 3 . Protein recovery from centrifuged and flocculated biomass Figure 3 shows protein extraction from Chlorella vulgaris biomass (flocculated and centrifuged). It was observed an efficiency of 53.75% in protein recovery with centrifuged biomass and 32.27% with flocculated biomass. These results indicated that the use of flocculant in culture medium has negative effect on protein recovery, which is confirmed by P value less than 0.05. Some authors confirm the inhibitory effect of flocculants in protein extraction by alkaline hydrolysis (1M NaOH at 100 °C). According to Robert et al. [11] , process efficiency can decrease by almost 30% when ferric chloride is used to concentrate T. pseudonana. On the other hand, Prasertsan et al. [12] claim to be able to recover up to 52.9% of protein content in Chlorella sp, using aluminum potassium sulfate in culture medium. Regarding acid hydrolysis (HCl), this procedure can degrade amino acids present in biomass, hence protein extraction was not quantified using acid treatment.
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The results of lipid extraction from Chlorella vulgaris when acid hydrolysis is used for cellular wall disruption are presented in Figure 4 . It is observed a lipid recovery of 54.2% and 51% for centrifuged and flocculated biomass, respectively. Other studies report yields up to 60% in lipid extraction from microalgae Nannochloropsis salina following acid route (5% H2SO4) and using hexane as extractive agent [13] .
Hence, it is recommended to evaluate the effect of flocculant on biomass production under different culture conditions and consider other routes of hydrolysis during pretreatment. As is shown in Figure 5 , lipid extraction yield from centrifuged biomass (44.67%) is higher than flocculated biomass (40.89%). Statistical analysis exhibited P>0.05, which suggested that flocculant in culture medium did not affect the performance of this process. In addition, extraction performance also depends on solvent selectivity and nature. Hexane is a non-polar substance, this characteristic allows it to exhibit a greater affinity towards non-polar and amphipathic lipids. According to Bellou & Aggelis [14] C. vulgaris accumulates up to 92% of non-polar lipids.
Nevertheless, cultivation conditions (light, availability of nutrients, carbon sources, among others) can modify the metabolic activity of cells and accumulate certain amount of metabolites [15] .
Conclusions
This work attempted to evaluate the effect of flocculation on carbohydrate, lipid and protein extraction from Chlorella vulgaris biomass. The highest metabolites recovery were obtained when centrifuged biomass was used instead of flocculated biomass, which was confirmed by statistical analysis and suggested that flocculant in culture medium affects significantly the performance of these extraction. Acid hydrolysis exhibited carbohydrate recovery of 40.55% and 25.31% using centrifuged and flocculated biomass, respectively, higher than thus obtained by alkaline hydrolysis. To extract proteins, it was found an efficiency of 53.75% with centrifuged biomass and 32.27% with flocculated biomass. The highest lipid recovery (54.2%) was achieved using centrifuged biomass and acid hydrolysissolvent extraction procedure.
